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Introduction 

When  the  one-half  "box  size  filler  hoard  carton  was  introduced  commercially 
into  the  citrus  industry  of  California  and  Arizona  ahout  tv70  years  ago,  the 
q.uestion  arose  immediately  as  to  what  the  performance  of  the  carton  would 
he  in  regc.rd  to  refrigeration  in  transport. 

It  was  generally  assumed  thcit  cartons  might  inipede  cooling  in  transit 
to  a  much  greater  amount  than  the  standard  citrus  "box.    Accordingly  shipping 
:  nd  transportation  tests  were  hegun  without  delay  to  determine  the  actual 
inrportance  of  this  phase  of  the  carton  innovation.     The  results  of  these  tests 
have  heen  reported  from  time  to  time. 

It  was  only  e^.rly  in  the  second  year  of  carton  use  that  the  first  in- 
q.uiries  were  received  as  to  the  practicability  of  storing  lemons  in  cartons 
for  periods  longer  than  customarily  req_uired  for  transportation  and  immediate 
marketing.     The  question  v/as  not  only  of  holding  lemons  in  non-ventilated 
cartons,  hut  also  of  the  effects  of  long  exposure  to  the  fungistat  hiphenyl  with 
v;hich  most  of  the  cartons  are  treated  in  some  manner.    Exposure  in  these  cir- 
cumstances might  favor  a  greater  huild  up  of  hiphenyl  in  the  air  surrounding  the 
lemons  than  occurred  in  the  use  of  hiphenyl  treated  wraps  with  which  some  un- 
favorable physiological  effects  of  hiphenyl  had  already  been  observed. 

The  storage  phr'^e  of  the  gen=>ral  problem  v/as  brought  to  the  attention  of 
the  members  of  the  U.S.D.A.  Citrus  Advisory  Committee  at  the  meeting  in 
Orlando,  March  1952.     The  outcome  was  a  recommendation  that  some  storage  tests 
be  made  with  lemons  in  cartons,   the  principle  purpose  of  which  would  be  to 
observe  the  effects  on  general  appearance,  decay,   etc.,  and  after  processing, 
the  flavor  of  the  products  made  from  the  stored  fruit. 

Just  at  the  time  such  tests  were  being  setup,  further  inquiry  came 
through  The  Refrigeration  Research  Foundation  regarding  the  feasibility  of 
storing  lemons  in  cartons  after  arrival  at  terminal  markets. 

In  December  1952,  two  rather  similar  series  of  tests  on  storage  in 
cartons  were  initiated.     These  will  be  referred  to  later  as  Test  A  and  Test  B. 
The  former  involved  the  cooperation  of  the  Bureau  of  Agricultural  and  Industrial 
Chemistry  Laboratory  of  the  United  States  Department  of  Agriculture  in  Pasadena 
and  The  Refrigeration  Research  Foundation  in  Colorado  Springs,  and  the  latter 
only  that  of  The  Refrigeration  Research  Foundation.     The  storage  phase  of  both 
Tests  A  and  B  were  completed  in  March  1953.     Two  small  subsequent  storage  tests, 
referred  to  as  C  and  D  were  completed  more  recently. 

TEST  A 

Test  A  consisted  of  storage  tests  of  lemons  in  cartons  treated  with  hiphenyl. 
After  storage  the  lemons  were  inspected  and  processed.     The  general  elements  of 
the  test  were  as  follows: 


1.  Three  tj-pes  of  "Oiphenyl  appliCc  tion. 

2.  Control  lemons  held  in  stand:  rcL  "boxes,  imtreated  v/ith  biphenyl. 

3.  Three  storage  periods,  four,  eight,  and  tv/elve  weeks, 

4.  T\/slve  lots  of  lemons  each  of  ten  cartons  (or  five  standard  "boxes). 

In  order  that  the  lemons  v/o'old  he  in  proper  condition  (ripeness)  for  processi:ig 
imr.iediately  after  each  storage  period,  specLal  selection  for  iii<it"arity  had  to  he 
aii-.de.     It  was  intended  to  use  "tree  ripe",  "3-silvers"  a.nd  "A-silvers"  for  the 
four,  eight  and  twelve  weeks  periods,  respectively,  hiit  finally  the  selection 
had  to  he  somewhat  altered  to  the  follov/irig:     "Yellows"  ,  really  a  mixture  of 
"tree  ripe"  and  "B-silvers";  "light  green",  a  mixture  of  "A-silvers"  ^ncL  "light 
green";  and  "dark  green",  a  mixture  of  "light  green"  and  "dtrk  green". 

5.  These  selections  v/ere  made  and  the  lots  stored  at  the  Upland  Lemon 
Growers  Association  in  Upland,  Decemher  16,  1952.    Eoom  temperature  58°  and 
EH  ahout 

6.  All  test  lemons  went  straight  from  the  grove  to  v/asher  and  \irere 
selected  immediately  after  v/as'.iing.    The  xmshing  treatment  ivas  standard  for 
the  pa,cking  house,  and  consisting  of  soap-soda  ash-kerosene,  followed  hy 
"water  wax",  carrying  aho^lt  200  ppm  of  2,4-D.    An  exception  in  treatment  v;as 
with  Lot  ITo.  A  3"  (helov;),  where  the  lemons  '-ere  r'^moved  from  the  "flow"  between 
the  washing  and  x-zater  waxing  processes  so  that  they  received  neither  water  wax 
nor  2,4-D. 

7.  Cartons  v/ere  all  one-half  hox  size  and  non-ventila,ted. 

(a)  IP-lOo     International  Paper  Comx^an;/.    Biphenyl  applied  as  phenidor-X 
in  impregnr^ted  "collars". 

(h)  ZP-3.     Fiberhoard  Proci;ucts,  Inc.    Biphenyl-lemon  oil  impregnated 
"liners"  mr.nufactured  hy  the  Crovm-Zellerhack  Paper  Company. 

(c)  PP-2.    Piherhoard  Products  Inc.    Biphenyl-lemon  oil  impregnated 
"pads"  placed  inside  on  top  and  "bottom  of  cartons.    Cartons  FP-2  differed  from 
PP-3  in  that  the  latter  v/ere  normally  intended  to  "be  used  v/ith  hiphenyl-lemon 
oil  impregnated  "collars". 

Further  details  of  test  setup,  vith  numher  symbols  of  treatment  used  were 
as  follows; 

Lots  A-1.     Controls.     Stored  in  standard  lemon  crates.    Five  crates  for 
each  storage  period  mc-^xked  la,  lb,  Ic,  for  4,  8  end  12  weeks  storage,  re- 
spectively. 

Lots  A-2.     Cartons.     IP-IO  v/ith  Phenidor-X  "collars".     Ten  cartons  for  each 
storage  period,  marked  2a,  2b,  and  2c,  for  4,   8,  and  12  v;eeks  storage  respectively. 

Lots  A-o.     Cartons.     PP-2,  with  biphenyl-lemon  oil  in  "pads".     Neither  water 
wax  nor  2,4-D.     Ten  cartons  for  each  storage  period  marked  3a,  3b,  and  3c, for  4,  8, 
and  12  v;eeks  storage  respectively. 

Lots  A-4.     Cartons.    PP-S,  with  tvio  b"! phenyl-lemon  oil  "liners".     Ten  cartons 
for  each  storage  period,  marked  4a,  4b,  4c,  for  4,  8,  and  12  weeks  storage  re- 
s  'ectively. 
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LeiTiOn  Dutton  analysis  in  stora.^e  tests 

Tlie  remarks  here  should  a^ply  to  all  the  storase  tests  descriloed  in  this 
report. 

It  is  generally  rfccoj  lized  that  the  appearance  of  the  huttons  of  lemons 
ait'.^r  ^^eriods  of  holding,  serve  as  a  read\'-  and  i^irportant  indication  of  the 
condition  of  the  lemon  itself.     If  o1-servation  of  the  outtons  of  a  given  lot 
of  lemons  is  made  and  recorded  (tallied)  at  different  intervals,   that  is,  at 
t]ie  "beginning,   during  and  end  of  the  storage  period,   the  rate  of  change  cf 
Mtton  color  from  green  to  hlack  an  he  follovred  and  the  value  of  the  ohser- 
•vations  will  he  very  lauch  increased.     In  fact  from  the  standpoint  of  what 
is  happening  inside  the  lemon  the  buttons  seem  to  he  the  hest  early  indicator 
of  relative  favorahle  or  unfavorable  influence  of  a  storage  enviromaent.  This 
applied  especially  to  develoTjment  of  susceptahility  of  the  lemon  to  alternaria 
ijiVasion.     The  com::ion  molds  nf  course  are  their  ovm  iiU^ediate  indicators. 

In  the  presentation  of  the  results  of  inspections  of  tlie  storage  lots 
the  foll-v/ing  classification  of  buttons  will  be  used,     (See  p.  19.,  USDA 
Tech.  Bui.  No.  908,  1945  -  "Changes  in  Lemons  D-aring  Storage  cs  Affected 
by  iiir  Circulation  and  Ventilation"  -  Harvey  ). 

1,  Green  (full  green)  (G) 

2.  Inter-green  (l.G. ) 
S.  Inter-black  (l.B.) 
4a  Black  (full  black)  (3) 

5.  Off  (not  present)  (Off) 

6.  Alternaria  e.nd  other  decay  recorded  and  used  along  with  the 
button  tallies  in  the  judgment  of  the  effects  of  storage  conditions » 

A  small  percentage  of  buttons  are  off  in  most  lots  direct  from  the  grove. 
Thrrce  "offs"  may  be  considered  of  slight  significance,  but  their  nura.ber  is 
recorded  to  be  used  as  base  for  dealing  with  buttons  which  fall  during  storage 
and  >ecome  one  of  the  indicators  of  storage  effects,  for  in  many  instances 
these  buttons  are  eq.uivalent  to  fiill  bla.ck  buttons  in  the  tally  and  are 
usually  so  treated. 

InsToecticn  Results  for  Test  A 
After  four  weeks  storage.     Stored  as  "Yellows". 

Lot  A- la.     Controls.  Lemon  in  excellent  condition.     Fresh  in  appearance, 
firm  &nd  good  color.     Buttons  green,     ifo  decay  (green  mold). 

Lot  A-2a.    Fhenidor-X  "collars".     Good  general  appearance,  but  not 
quite  eq-'oal  to  the  controls.     Some  dark  buttons,  2^  decay  (1^  alternaria). 

Lot  A-3a.     Biplienyl-lemon  oil  "pads".     No  Wc  ter  wax  or  2,4-D.  Dull 
in^appeixance  and  slightly  over  colored.     Buttons  mostly  black.     Zfo  decay 
(2^3  olternaria) . 
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Lot  A-4a,     3i^-,Len'/l-lenon  oil  "liners"..     Same  general  appe^^rance  as  Lot 
A-2a,  2fo  decay  (alternaria), 

TaMeJU     Button  and  decay  tally.     TEST  A, 

Four  weeks  stora^So     Stored  as  "Yellows". 

January/  13,  1953. 


Inter- 

Inter- 

Lot 

Green  ^rreen 

"black  Black 

Off 

Decay 

As  put  down 

82  13 

0  0 

5 

0 

in  storat:;e 

Total  G  +  IG 

Total  IB  +  B  + 

Off  + 

decay 

Dec.  15,  1952 

^  95 

-  5 

j£_n,  13,1953 

66 

20 

10 

0 

3 

1 

mold 

A-1  Controls 

Total  - 

86 

Total  = 

14 

in  open  con- 
tainers \^.2,4-D 

A-2  Cartons  v/. 

25 

43 

18 

2 

10 

2 

1  mold 

Phenidor  treats 

Total  - 

68 

Total  r 

32 

1  e.ltern;.ria 

"collars"  with 
2,4-D. 

A- 3  Cartons  Wo 

3 

10 

22 

50 

12 

3 

1  mold 

1)  iphen-'l  treat , 

Total  B 

■13 

Total  = 

87 

2  alternaria 

"pads"  no  2,4-D. 


A-4  Cartons  w.  9  45  27  2  15  2_  alt. 

iDiplienyl  treat.        Total  s    54  Total  ~  46 

"liners"  witli 

2,4-D. 


Lots  arrayed  as  to  descending  value  of:     Green  +  inter-green  "buttons: 
A-1  (86^);  A-2  (68^0;  A-4  (54fD);  A-3  (l3fi); 

And  as  to  descending  order  of:     Full  lilack  +  off  +  decay:    A-3  (50/5); 
A-4  (14^);  A~2  (9fo)  ;  A-1  (l/o);   {-dfo  off). 

Tlie  "button  tally  shows  that  where  the  lemons  were  not  protected  from 
iDiphenyl  hy  2,4-0  and  v/ater  v;ax  (Lot  A-3),   the  huttons  changed  to\mrd  "black 
most  rapidly^,  5O7&  of  the  "buttons  attaining  the  full  hlack  category  (Ta"ble  l). 
Of  the  lots  in  cartons,  the  fruit  treated  i-;ith  2,4-D  (Lot  A-2)   showed  the 
slov/est  "button  color  change,  and  in  this  lot  the  full  greens  changed  over  to 
the  inter-green  category,   swelling  it  from  13^  to  43^,  and  of  course  some  from 
of  the  original  inter-green  had  gone  over  into  the  inter-"black  and  "black 
categories,  "bu.t  only  2f>  to  the  letter.    Lot  A-2  appeared  definitely  in  the  "best 
condition  of  the  three  cartoned  lots  "but  was  followed  rather  closely  "by 
Lot  A-4,  v/hich  was  also  treated  with  2,4-0  "but  had  "biphenyl  treated  "liners" 
instead  of  "collars". 
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After  eight  v;eek' s  storaf:e. 

The  general  appearance  of  all  lots  at  the  second  v;ithdrawal  "as  very 
good  except  Lot  A-3,  v;hich  had  no  prestorage  treatment  with  2,4-D  and  v/ater 
v/ax.  ( Tahle  2)     The  presence  in  this  lot  of  over  90^  "black  huttons  detracted 
froM  its  appearance,  wl.ile  the  other  lots  had  mostly  green  "buttons  and  no 
decry.     The  "light  green"  lemons  after  this  eight  weeks  storage  period  were 
in  "better  condition  than  the  "yellows"  from  the  four  weeks  period. 

Tahle  2.     Button  and  decay  tally.     TEST  A. 

Eight  weeks  storage.     Stored  as  "Light  Greens" 
Fe"bruary  10,  1953. 


(Figures  in  ta"ble  represent  percentage) 


Lot 

C-reen 

Inter- 
green 

Inter- 

"black 

Black  Off 

Decay 

As  put  down 

36 

56 

0 

0  8 

0 

in  storage 

Total 

=  92 

Total  =  8 

Dec.  16,1952 

Feh.  10,  1953  27  58  £  0  9  a 

A:il  Controls  in  Total  «  85   Total  a  15  

open  containers 
with  2,4-D 


A-2  Cartons  with      45  37 

Fhenidor  treat.  Total  a  82 
"collars"  with 
2,4-D.  IP-10. 


A-3  Cartons  with        0  1  3 

bip.ienyl  treat.  Total  r  1 

"Pads",  no  — 

2,4-D.  EP-2 


14  1  3  0 

Total  =  18 


91  4  1_  Alt. 

Total  =  99 


A- 4  Cartons  with 
"biphenyl  treat, 
"liners"  with 
2,4-D.  FP-3 


21 


59 


15 


Total  -  80 


0 

Total 


20 


Lots  arrayed  as  to  descending  value  of:     Greens  +  inter-green  "buttons: 
A-1  (85f.);  A-2  (82fi);  A-4  (80^);  A-3  {Vfo)  . 
Full  hlack  +  off  +  decay  -  8^  original  off: 
A-3  (91;-^);  A-4  (l2fo);  A-2  (lOfo)  ;   A-1  (7^i)  . 
Black  and  inter-hlack:  A-3  (94^);  A-4  (I5<b);  A-2  (I5fi);  A-1  ( 6fi) 
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After  twelve  v/eeks  stora/^e. 

All  lots  other  than  A-3  (without  2,4~D  and  water  wax  protection)  were 
in  excellent  condition  as  to  general  appearance,  firmness  and  color  (Table  3). 
No  decay  was  present  in  any  lot.    However,  A-3  showed  over  50fo  full  black 
buttons,  the  other  lots  v.rere  raostly  free  of  dark  buttons. 

Lot  A-4  with  bipi  enyl  "liners"  showed  6-7%  "biphenyl  burning"  of  the 
rind.     The  lemons  and  the  parts  involved  ii/ere  adjacent  to  the  bottom  of  the 
carton.     "Dark  green"  lemons  seem  to  be  the  most  subject  to  "biphenyl 
burning" . 

Again  as  for  the  eight  weeks  storage,  the  excellent  appearance  of  the 
lemons  showed  that  the  selections  were  stronger  than  necessary  for  the 
length  of  storage  period.     "Light  green"  lemons  would  have  been  adeqimte 
for  twelve  weeks  also. 

Table  5.    Button  and  decay  tally.     TEST  A. 
Tv;elve  weeks  storage.     Stored  as  "Dark  Greens" 
March  10,  1953. 


(Figures  in  table  represent  percentage) 


Lot 

Green 

Inter- 
green 

Inter- 
black 

Black 

Off 

Decay 

As  put  down 

57 

41 

0 

0 

2 

0 

in  storage 

Total 

-  98 

Total  « 

2 

Dec.   15,  1952 

March  10,  1953 

43 

49 

3 

0 

5 

0 

A-1  Controls  in 

Total 

=  92 

Total  = 

8 

open  cont.  with 
2,4-D 

A-2  Cartons  with 

31 

57 

9 

1 

3 

0 

Phenidor  treat. 

Total 

.  88 

Total  = 

13 

"collars"  v/ith 
2,4-D. 

A-3  Carton  with 

1 

20 

18 

56 

5 

0 

biijhenyl  "pads" 

Total 

=  21 

Total  = 

79 

''-ith  no  2,4-D 

A-4  Carton  with 

41 

45 

12 

0 

2 

0 

biphenyl  "liners" 

Total 

=  86 

Total  - 

14 

with  2,4-D 

Lots  arrayed  as  to  descending  percentages  of  green  +  inter-green  buttons: 
A-1  (92^);  A-2  (88^);  A-4  (86^);  A-3  (2lfo^ 

Full  black  plus  inter-black  +  off  +  decay,  -  2fo  originally  off: 
A-3  (77^);  A-4  (12^);  A-2  (llfo)  ;  A-1  (Sfo). 
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The  results  of  the  button  tallies  for  the  three  storage  periods  of 
Test  A  are  summarized  by  means  of  Charts  1  and  2  which  show  arrays  of  all 
the  storage  lots  according  to  the  categories  of  green  plus  inter-green 
buttons  (Chart  1)  and  black  plus  decay  plus    off  buttons  (Chart  2). 

1,  Green  plus  inter-green  buttons,    A  glance  at  Chart  1  shows  (by 
the  lemon  button  indication)  the  best  to  worst  storage  condition  provided, 
although  little  beyond  the  fact  that  one  condition  favors  the  preservation 
of  button  color  more  than  another.     The  order  shown  from  best  to  worst  was: 
A-1  Controls;  A-2  (Phenidor  "collars");  A-4  (biphenyl  "liners";  and  A- 3 
(biphenyl  "pads"  but  no  2,  4-D  or  water  wax). 

2,  Black  plus  decay  plus  off  buttons:  The  graphs  of  Chart  2  are  not 
corresponding  supplements  or  reciprocals  of  those  of  Chart  1,     Two  elements 
are  lacking;  (a)  inter-black  buttons,  because  they  indicate  only  the  phase 
between  the  first  visible  attack  of  alternaria  and  the  complete  conquest  of  the 
button  ("full  black"  or  "off");  and  (b)  the  percentage  of  originally  "off" 
buttons  which  do  not  usually  indicate  other  than  a  careless  picker,  but  the 
number  is  recorded  and  used  as  a  basis  for  dealing  \<rith  buttons  which  fall 
during  storage  and  usually  are  considered  equivalent  to  full  black  ones.  Chart 
2  shows  a  spread  of  differences  between  lots  which  takes  on  more  significance, 
because  it  indicates  better,  not  only  what  has  happened  but  also  what  portion 
of  the  lemons  are  becoming  definitely  unsafe  for  shipping.     Hov/ever,  the  order 
from  best  to  worst  is  the  same  as  shown  by  the  percentage  of  green  buttons. 

Processing 

The  processing  of  the  test  lemons  after  storage  and  inspection  was  done 
by  the  Bureau  of  Agricultural  and  Industrial  Chemistry  Laboratory  in  Pasadena. 
At  the  end  of  each  storage  period  the  lemons  were  taken  immediately  to  this 
laboratory  before  opening  the  cartons.    After  arrival  they  \i^ere  opened,  the 
firuit  inspected  and  turned  over  for  processing.     The  results  obtained  from 
the  products  will  be  reported  by  the  Bureau  of  Agricultural  and  Industrial 
Chemistry  Laboratory,  but  a  brief  description  of  the  procedure  selected 
follows: 

The  lemons  of  each  lot  were  washed,  juiced,  and  dissolved  air  removed 
by  an  accepted  method.    The  juice  was  then  divided  into  two  equal  amounts: 
(a)  Filled  into  enamel-lined  six  ounce  cans,  pasteurized  in  a  shaking  water 
bath  at  ISO^'F.  for  2|-  minutes,  and  rapidly  cooled  in  running  water.  This 
became  the  single  strength  juice  half,     (b)     The  proper  amount  of  sugar 
added,  filled  into  enamel-lined  six  ounce  cans  and  quick- frozen.     This  became 
the  lemonade  base  half. 

The  single  strength  juice  samples  were  then  stored  at  70®?.  and  the 
frozen  lemonade  base  samples  at  O^F.    The  storage  periods  chosen  were  0,  6, 
and  12  months.    After  each  storage  period  biphenyl  determinations  and  other 
tests  v;ere  or  vi^ill  be  made  on  the  samples.     Taste  tests  were  made  using  the 
triangular  taste  technique  (two  identical  and  one  odd  sample). 

The  last  samples  from  the  12  months  juice  storage  will  not  be  ready 
for  examination  until  March  1954.    However,  Dr.  E.  A.  Beavens,  in  charge 
of  the  Pasadena  Laboratory  of  the  Bureau  of  Agricultural  and  Industrial 
Chemistry  has  kindly  furnished  some  data  from  the  zero  storage  taste  tests 
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v/hich  are  summarized  in  the  follov;ing  tatle  where  the  results  recorded 
are  of  course  checked  against  the  corresponding  control  samples, 

Tahle  4,     Taste  Tests  on  Lemonade  and  Sini':::le  Strength  Juice 

Prepared  from  Lemons  Stored  in  Biphenyl  Treated  Cartons 

Zero  Stora,e:e  Period 


Frozen  Lemonade  Base 


"Yellows" 
4  weeks 
Collars    Pads  Liners 


"Light  Greens" 
8  vreeks 
Collars    Pads  Liners 


"Dark  Greens" 
12  weeks 
Collars    Pads  Liners 


II.  D.      IT.D.  N.D. 

Biphenyl, 


ppm. 


0.18 


5^ 


3.0 


2.7 


5^ 


Pasteurized  Single  Strength  Juice 


"Yellows"  "Light  Greens"  "Dark  Greens" 

4  weeks  8  weeks  12  v/eeks 

Collars    Pads    Liners  Collars    Pads    Liners  Collars    Pads  Liners 

*  *  ♦ 

1^         N.D.       5^  U.D.       N.D.        N.D.  N.D.       N.  D.  N.D. 

Bi-phenjT-l, 

ppm.          0.14  0.42  2,0 


II. D,     -    ilo  difference  in  taste  between  samples 
S^i)       =    Odds  of  19  to  1  that  results  v;ere  not  due  to  chance 
ifo       ~    Odds  of  99  to  1  that  results  were  not  due  to  chance 
*         Lemons  in  these  lots  did  not  receive  2,4-D  or  water  wax 
"before  storage. 


TEST  E 

Test  B  consisted  of  storage  tests  of  lemons  in  cartons  with  biphenyl 
similar  to  Test  A,  hut  with  emphasis  on  the  relative  effects  of  biphenyl  and 
2,4-D.     There  was  no  processing  following  storage  as  there  was  in  Test  A. 

It  has  been  observed  for  years  that  lemons  stored  in  biphenyl  treated 
wraps  in  standard  boxes  shov;  an  increased  rate  of  button  darkening  and  earlier 
susceptability  to  alterne.ria.  .  On  the  other  hand  2,4— D  has  been  reported  to 
have  definitely  the  opposite  effect  on  buttons  darkening  and  probably  one  may 
say,  hence  a  retarding  influence  on  the  development  of  susceptability  to 
alternaria. 
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The  details  of  the  test  arrangements  were  as  follows: 

1.    All  lemons  used  in  the  test  were  selected  as  "yellows"  (equivalent 
to  a  mixture  of  "tree  ripes"  and  "B-silvers" ) .     Selection  and  storage  were 
at  the  Upland  Lemon  Growers  Association.    All  lots  r-jere  prepared  in  triplicate 
to  allow  for  different  holding  periods,  which  were  7,  9  and  11  weeks, 

B-1  Controls.    No  hiphenyl  and  no  2,4— D  or  water  wax. 
a.    Stored  in  open  standi  rd  "boxes, 
h.    Stored  in  non-ventilated  cartons, 
c.     Stored  in  vented  cartons, 

B-2  Cartons.     FP-2  (nonvented)  with  "biphenyl-lemon  oil  "pads",  no 
2,4-D  or  V7ater  \iax. 

B-3  Cartons.     IP-10  (nonvented)  prestorage  treated  v;ith  2,4-D  and 
water  wax.     ITo  biphenyl  (i.e.  no  "collars"  in  cartons). 

B-4  Cc.rtons.     EP-2  (nonvented)  v/ith  hiphenyl-lemon  oil  "pads"  and 
prestorage  treatment  v/ith  2,4-D  and  water  v/ax. 


Inspection  Results  for  Test  B 

After  seven  weeks  storaf::e  -  (Tahle  5) 
Decemher  16,  1952  to  Pehruary  5,1953 

Lot  B-la.     Controls.     Ea,ther  high  color,  hut  firm,  and  otherv/ise  good 
appears- nee. 

Lot  B-lh.and  c.     Controls.     Better  color  and  general  apjjearance  than 
B-la. 

Lot  3-2.      Biphpnyl  only.     Firm  and  of  good  general  appearance,  except 
as  detracted  from  hy  the  presence  of  mostly  "black  "buttons. 

Lot  B-3.      2,4-D  plus  water  wax.     Firm  and  good  color  and  very  good 
general  appearance,    A  fev;  black  buttons.     The  best  lot. 

Lot  B-4.      Biphenyl  plus  2,4-D,    Firm,  good  color,  good  general 
appearance. 

The  button  and  decay  tally  follows; 

Table  5.    Button  and  decay  tally.     TEST  B. 

Seven  v;eeks  storage.     Stored  as  "Yellows" 
December  15,  1952. 

 (Fi;:ures  in  table  represent  percentage)  

Inter-  Inter- 

.  Lot  Green  green  black  Black       Off       Alt.  Decay 

As  put  down  75  19  2  0  _4  0 

in  storage  Total  =    94  Total  =  6  

Dec.  16,  1952. 
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TalDle  5  continued. 


Lot 

Green 

Inter- 

^:;reen 

Inter- 
tlack 

Black 

Off 

Alto  Decay 

Fet.  5  1953 

1 

2 

13 

53 

17 

4 

Coiitro  Is 

Total 

-  3 

iotai  — 

97 

la.  Unwrapped 
open 

C  ntrols 

1 

1 

14 

72 

9 

3 

l"b.  Unvent. 

Total 

=  2 

Total  = 

98 

C£.rton 

Controls 

2 

2 

24 

57 

13 

2 

To      '\7'  o  n-l- 

lox-ax 

ma  ^ 

Total  r 

yb 

 _ 

carton 

■  

n 

A 
*± 

74. 

11 

Q 

J.U  oaJ. 

_  o 

rri^  4-  Q 1  _ 
lOliax 

98 

2>  ITon-vent 
T*  t  on 

2,4-D  only 

57 

23 

10 

5 

5 

0 

5.  Non-vent. 

Total  - 

80 

Total  - 

20 

carton 

Biphenyl  + 

39 

27 

21 

7 

6 

0 

2,4-D 

Total  - 

■  66 

Total  r 

34 

4.  I on- vent 
carton 


Lots  arrayed  as  to  descending  percentages  of: 

Green  +  inter-green  "buttons  (the  three  control  lots  comliined) : 

B-3  (80/o);  B-4  (66^);  B-1  (3fo);  B-2  (2^). 

And  as  to  ascending  percentages  of  full  "black  +  "off"  +  decay  -  4^  original 
"off";   (Average  of  the  control  lots  comlDined)     Order  of  lots,  best  to  worst; 
3-3  (6f0;  B-4  (9fo);  B-1  ( 76fo)  ;  B-2  (90^6) 

Chart  3  presents  an  array  as  determined  "by  the  "button  tallies* 

Inspection  Results  for  Test  B 
After  nine  v/eeks  storage  -  (Table  S) 

The  general  appearance  of  these  storage  lots  seemed  about  the  same  as  for 
the  seven  weeks  storage,  at  let  st  the  lots  had  the  same  relative  position  as 
to  appearance.    A  general  change  in  the  lots  as  a  whole  was  indicated  only  by 
the  button  and  decay  tally,  which  shows  an  increase  in  percentages  of  black 
buttons  and  decay. 


V 
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Table  6.    Button  and  decay  tally    TEST  B 


Nine  weeks  storage.    Stored  as  "Yellows 
February  19,  1953 


(FifTU-res 

in  table  represent  p ercentar:;e) 

Lot 

Green 

Inter- 

^reen 

Int  er- 

black 

Black  Off 

Alt.  Decay 

As  put  down 

75 

19 

2 

0 

4 

0 

in  storage 

Total  - 

:  94 

Total  r 

6 

Dec.  16,1952. 

0 

2 

11 

7? 

11 

Controls 

X  U  OciX  ^ 

,  2 

To  tal  — 

^Oj*       \J  11.VJ  ±  CIJJ  J.J  Ci  \Ju 

open 

Controls 

1 

1 

4 

84 

4 

6 

l"b.  Unvent. 

To  tal 

-  2 

Total  = 

98 

carton 

Controls 

n 

n 

3 

83 

9 

5 

1  r>       TTp n  -I- pfl 

-  0 

Total  = 

100 

vhnn 

Biplienyl  only 
2«  ITon-vent. 

0 

0 

83 

9 

5 

Total 

=  0 

Total 

100 

carton 

2,4-D  -1-  -ater 

wax  22 

46 

19 

6 

7 

0 

3;  ITon-Arent, 

Total  - 

■  68 

Total  = 

32 

carton 

BiT)henyl  + 

22 

34 

27 

10 

4 

3 

2,4-D 

Total  = 

:  56 

Total  s 

44 

4:  ilon-v^-nt. 
cert on 


Lots  a,rrayed  as  to  the  descending  percentages  of: 

Green  +  inter-green  buttons  (the  control  lots  combined): 

B-3  (68^);  E-4  ( 56fo) ;  B-1  (l+^)  ;  B-2  {Ofo) 

And  as  to  desgending  percentages  of:   (Control  lots  combined) 
Black  +  ofl  +  decay  -  4^  of  original  off: 
B-2  (93fo);  B-1  (86f.);  B-4  (l3fo)  ;  B-3  (9f&) 


-12' 


Ins-pection  Rpsults  for  T^st  B 
After  eleven  v/eek' s  stora^;^e  -( Taljle  ?) 

Aga-in  the  general  appearance  of  the  lots  after  eleven  week's  stora.se 
seemed  "but  little  altered  from  those  of  the  seven  and  nine  v/eek' s  storage 
and  the  relative  position  of  the  lots  remained  the  srme.     The  control  lots, 
especially,  held  to  the  general  appearance  standard  shov/n  in  the  tv/o  previous 
storage  periods,  but  lots  B-2,  3-3  and  B-4  head  generally  declined  somev/hat  in 
appearance  and  showed  more  decay  than  the  button  tally  itself  seemed  to  fully 
indicate. 


Table  7,     Button  and  decay  tally. 
Eleven  week's  storage.  -Stored  as 
March  5,1953. 

EEST  B 
"Yellows" 

( Fi,r;ures 

in  table 

represent  joercenta 

Lot 

Green 

Inter- 
preen 

Inter- 
black 

Black 

Off 

Alt.  Decay 

AS   pUb  CLOWu 

75 

19 

2 

0 

A 

U 

in    ^  t  n  TP  P"  P 

Total  = 

:  94 

Total  = 

p. 

Dec    16  1952 

Marcn  o , lyoo 

0 

59 

ii 

c: 
O 

uom.ro  J.  s 

Total 

— 

Total  s 

95 

la.,  Unv/ rapped 
open 

Controls 

0 

4 

3 

79 

7 

7 

lb.  Unvent. 

Total  r 

4 

Total  - 

95 

carton 

Controls 

0 

3 

4 

75 

8 

10 

Ic.  Yent. 

Total  = 

3 

Total  ~ 

97 

carton 

Biphenyl  only 

0 

2 

1 

80 

6 

11 

2.  Hon- vent. 

Total 

=  2 

Total  „ 

98 

carton 

2,4-D  i  \"ater  wa:x 

;  34 

39 

14 

7 

5 

1 

3.  ITon-vent. 

Total  = 

73 

Total  ^ 

27 

Carton 

Biphenyl  + 

46 

25 

13 

6 

5 

4 

2,4-D 

Total  ~ 

71 

Total  ~ 

29 

4.  ITon-vent.  carton 

Lots  arrayed  as  to  the  descending  percentages  of; 
Green+  inter-green  buttons  (the  control  lots  combined); 
B-3  i73fo);  B~4  ( 7lfo) ;  B-1  (4/.);  B-2(2fo) 

And  as  to  the  descending  percentages  of; 

Full  black  +  off  +  decay  -  original  (control  lots  combined): 
B-2  (93/o);  B-1  (86fo):  B-4  (l2fo);  B-3  (9$^) 
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The  three  types  of  controls  used  in  Test  B  varied  somewhat  amon<^ 
themselver,  as  to  performance  "but  not  consistently,  and  apparently  v/ithout 
significance.     It  would  seem  that  the  control  lemons  "behaved  a"bout  the  same 
when  held  in  open  standard  hexes  or  in  cartons  non-ventilated  or  slightly 
vented  (5-1^  inch  holes  at  top  and  "bottom  of  each  carton).     In  every  instance 
the  performance  position  of  the  controls  lay  between  that  of  lots  B-2  (hiphsnyl 
only)and  lots  B-4  ("biphenyl  plus  2,4-11).     Lots  B-2  were  always  the  worst  and 
lots  B-3  (2,4-0  rnd  "v/ater  v/ax"  only) ,  always  the  best  for  each  storage  periods 

[EST  C 

One  of  the  aims  of  Test  C  was  to  observe  any  effects  of  biphenyl  which 
might  remain  in  the  treated  "pads"  after  eleven  weeks  of  storage  in  Test  B. 
That  is  to  say  some  of  the  "pads"  from  the  latter  test  were  re-used  in  Test  C. 
An  additional  element  of  the  test  was  the  comparison  of  "water  wax",  2,4-D 
and  the  residual  bipheayl.  The  treatment  of  the  different  lots  v;as  as  follows; 

1.  Control  J  with  no  biphenyl,  no  2,4-D  and  no  "water  wax". 

2.  Biphenyl  with  no  254-D  or  "xi^ater  wax". 

3.  Biphenyl  with  2,4-D  and  "water  wax". 

4.  "Water  wax"  with  no  biphenyl  or  2,4-D. 

5.  Biphenyl  and  "water  wax",  with  no  2,4-D, 

The  lemons  for  the  test  were  selected  March  5  at  the  San  Dimas  Lemon 
Association  as  "yellows"  (rather  a  mixture  of  tree  ripe  and  B-silvers). 
The  water  wax  and  2,4— D  of  Lot  3  was  applied  from  the  regular  commercial 
mixture,  one-half  percent  emulsion  of  the  former  and  200  ppm.  of  the  latter. 
The  water  wax  was  applied  from  a  specially  prepared  one-half  percent  emulsion 
without  2,4-D. 

The  above  lots  v;ere  placed  in  one  of  the  laboratory  storage  rooms, 
March  6  and  held  at  58°F.  and  87-88^  R.K.  ,  dviring  the  first  period  of  seven 
weeks. 

The  general  apj^earance  of  all  lots  after  seven  weeks  was  very  good,  firm 
and  mostly  green  buttons.    The  control  lot  showed  2  percent  alternaria  rot  and 
5  percent  blue  mold  for  a  total  of  7  percent  decay  (Table  8).    Lot  2  (biphenyl 
only)  showed  2  percent  alternaria  rot  and  in  the  three  remaining  lots  there  was 
no  decay. 

A  summary  of  the  button  tally  for  the  seven  week's  storage  is  given  in 
Table  8. 

Table  8.    Button  and  decey  tally.    TEST  C 

Seven  v;eek' s  storage.    Stored  as  "Yellows" 
March  6  to  April  27,  1953. 

 (Figures  in  table  are  percentages)  

Intfir-  Inter- 

 Lot  Green       green  black  Black      Off  Al t .  De cay 

As  divided  and  72  28  0  0  0  0 

put  down,  in  storage    Total  -  100  Total  -  0  

March  6..  1955,  ^ 
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Table  8  contixmed. 


Lot 

Green 

Inter- 

Inter- 

l)lack  Black 

Off 

Altc  Decay 

1.  Control,  no 

38 

38 

13  4 

0 

7 

"biphenyl,  no  2,4-D, 

Total 

=  76 

Total  r  17 

no  v/ax 

2.     Biphenyl  only 

38 

42 

14  5 

0 

2 

no  2,4-D5  no  wax 

Total 

=  80 

Total  ~  19 

3_j.    Biphenyl , 

55 

32 

11  2 

0 

0 

2,4-D  and  v;ax 

Total 

a  87 

Total  s  13 

4.    V/ax  only,  no 

45 

25 

25  3 

2 

0 

iDiphenyl  and  no 

Total 

=  70 

Total  s  28 

2,4-D 

5.    Biphenj^'l  and 

37 

29 

29  5 

0 

0 

\vax  5  no  2  5  4-D 

Total 

66 

Total  r  34 

Arrayed  as  to  decreasing  percentages  of  green  +  inter-green  buttons  ("best  to 
poorest);    Lot  3  (875b);  Lot  2  (80^);  Lot  1  (76^);  Lot  4  (70fo);  Lot  5  (66/o). 
And  arrayed  as  to  the  increasing  percentages  of  "black,  inter-black  and  off 
buttons  plus  alternaria  (best  to  the  poorest) : 

Lot  3  (13^);  Lot  1  (17^);  Lot  2  (19^);  Lot  4  (28^);  Lot  5  (34^). 

Lot  3  v;hich  received  2,4-D  in  "water  wax"  along  v/ith  the  biphenyl  "pads" 
was  definitely  the  best,  and  the  lots  v/ithout  the  protection  of  2,4-D  v/ere  the 
poorest.     One  might  expect  the  amount  of  biphenyl  remaining  in  the  "pads"  after 
an  over  all  time  of  eighteen  weeks  to  have  become  so  reduced  that  it  could  not 
have  much  influence,  but  its  characteristic  effect  on  buttons  is  shown. 

There  were  three  subsequent  inspections  and  button  tallies  in  Test  C 
after  9,  13  and  18  weeks.    At  the  end  of  the  18  weeks  period  the  biphenyl  treated 
pads  had.  been  in  use  for  a  total  of  30  weeks,  yet  some  effect  of  the  biphenyl  on 
the  lemons  seem  evident,  although  one  pad  was  observed  at  the  last  inspection  to 
be  performing  as  a  substratum  for  several  fruiting  colonies  of  green  mold. 

The  general  appiearance  of  the  lemons  after  the  eighteen  week's  storage 
was  poor  due  to  over  color  (reddish);  many  dark  buttons;   considerable  softness; 
and  in  lots  1  and  4  visible  decay  in  top  layers. 

The  relative  progress  of  button  color  clianges  throughout  the  test  are 
shown  in  charts  4  and  5,  and  summaries  of  the  button  tallies  for  the  thirteen 
and  eighteen  v;eeks  storage  periods  are  shown  in  Tables  9  and  10,  respectively. 
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Table  9,    Button  and  decay  tally. 

t:^st  c 

Thirteen  week" s 

storage  -  Stored  as 

"Yellows" 

March 

6  to  June  8 , 

1953. 

(Pi,-;ures 

in 

table  are  percenta/i:e) 

Inter- 

Inter- 

Lot 

Green  r.veen 

black 

Black 

Off 

Decay 

Put  dov/n  in 

72  28 

0 

0 

0 

0 

storage  as  of 

Total  a  100 

Total  = 

0 

March  6,  1953. 

1.  Controls,  no 

10  41 

i6__ 

20 

0 

7 

Wax,  no  2,4-D, 

iQXa.!  ^  51 

Total 

35 

p.0  "biiohenyl 

2.  Biphenyl 

14  52 

17 

14 

0 

0 

only. 

Total  s  66 

Total  a 

31 

5.    \{ax,  2,4-D 

22  54 

15 

8 

0 

0 

and  "biphenyl 

Total  r  75 

Total  = 

23 

4.    V/ax  only 

17  38 

15 

2? 

2 

2 

Total  =  55 

Total  = 

42 

5.    V^aXj  biphenyl 

13  46 

22 

15 

2 

0 

no  2,4-D 

Total  =  59 

Total  - 

38 

Table  10.    Button  and  decay 

tally. 

TEST  C 

Eighteen  week' s 

storage  -  Stored  as 

"Yellows 

II 

March  6  to  July  10,1953. 

in 

table  are  percenta;^;e) 

Inter- 

Inter- 

Lot 

Green  ;2;reen 

black 

Black 

Off 

Decay 

1,  Controls,  no 

v;ax, 

no  2s4-D,  no 

4  18 

18 

32 

0 

16 

"biphenyl 

Total  -  22 

Total  = 

50 

2.  Biphenyl 

5  35 

18 

35 

0 

3 

only 

Total  =:  41 

Total  = 

53 

Wax,  2,4-D, 

14  46 

2S 

14 

0 

1 

end  biphenyl 

Total  =  60 

Total  = 

37 

4.    V[ax  only 

0  35 

20 

33 

Total  =  35 

Total  = 

53 
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Ta"ble  10  continued 


Lot 

Green 

Inter- 
sreen 

Inter- 
black 

Black 

Off 

Decay 

5.  Biplienyl, 

3 

32 

25 

33 

2 

3 

wax,  no  2,4-"D 

Total 

-  35 

Total  : 

;  58 

Charts  4  and  5  show  that  as  regards  button  changes,   each  lot  kept  its 
relative  position  among  the  others  throughout  the  total  storage  period  with 
few  exceptions.    Lot  1  ^^;hich  received  no  treatment  deteriorated  relatively 
rapidly  after  nine  weeks  of  storage.     It  ended  up  v/ith  30^  decay,  12^  of  which 
was  alternaria  rot.    Altogether  lot  1  had  about  six  times  as  much  decay  as  any 
of  the  other  lots.  The  decay  recorded  for  the  other  lots  was  alternaria  rot  with 
the  exception  of  ifo  green  mold  in  lot  4  v/hich  received  water  wax  only.    Of  the 
five  treatments  in  Test  C  the  one  giving  the  best  showing  was  lot  3,  v;hich 
received  biphenyl,  2,4-D,  and  water  wax.     The  performance  of  lot  3  was  followed 
rather  closely  by  lot  2,  which  received  biphenyl  only.    These  results  seemed 
somewhat  out  of  line  \;rith  prior  observations,  but  the  fact  the  t  the  biphenyl 
treated  pads  were  under  a  prolonged  test  should  be  taken  into  account.  The 
lack  of  any  comparable  lot  v/ith  2,4-D  only,  or  v;ith  2,4-D  plus  water  wax, 
without  biphenyl  also  prevented  the  segregation  of  the  effect  of  biphenyl  from 
that  of  2,4-D  or  this  material  and  wax.    The  mold  infections  in  lots  1  and  4 
v/hich  load  no  biphenyl  protection,  probably  also  further  contributed  to  the  button 
deterioration  in  those  lots  as  indicated  especially  in  lot  1  in  which  by  the 
ninth  week  had  shovm  an  sjccumulation  of  9^  mold  infection,  and  a  subsequent 
relatively  rapid  rate  of  button  darkening. 

TEST  D 

In  the  main  Test  D  was  a  repetition  of  Test  C,  both  as  to  size  and 
treatments,  but  differed  v/ith  regard  to  some  elements.     In  the  first  place  the 
cartons  and  the  biphenyl  treated  collars  were  freshly  treated  at  full  commercial 
strength.    The  lemons  used  v;ere  "yellows"  and  selected  to  correspond  as  nearly 
as  possible  to  those  used  in  Test  C, 

There  vrere  again  five  treatments  or  lots  set  up,  three  of  v;hich  were  in 
common  v/ith  three  of  Test  C,  but  Test  D  had  two  combinations  of  treatments  not 
used  in  Test  0,  namely;  biphenyl  and  2,4-D  with  no  water  wax,  and  2,4-D  and 
water  wax  with  no  biphenyl.    Also  two  combinations  of  treatments  of  Test  C 
were  not  used  in  Test  D,  namely;  water  wax,  with  no  biphenyl  or  2,4-D  and  one 
v/ith  none  of  the  three  substances. 

The  composition  of  Test  D  was  as  follows;     (Treatments  of  Lots  1,  3  and 
4,  also  used  in  Test  C). 

Lot  li    Biphenyl,  2,4-D  and  water  xmx.     Gaylord  container  (GC-2)  with 
Gaylord's  own  phenidor  mixture  treated  collars  (similar  to 
Phenidor-X.) 

Lot  2.    Biphenyl  and  2,4-D,  with  no  water  wax.     Cartons  as  for  Lot  1. 
Lot  3,    Biphenyl,  with  no  2,4-D  or  water  wax.     Cartons  as  for  Lot  1, 
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Lot  4,    Biphenyl  and  v/atsr  vrax,  v/ith  no  2,4-D„     Cartons  as  for  Lot  1. 
Lot  5o    Water  v.'ax  and  2,4-D,  with  no  l)iplienyl.     Carton,  California 
Container  Corp.  (CCA-3) 


The  lemons  used  in  the  ahove  lots  were  selected  at  Upland  Lemon  Growers 

Associa,tion,  April 

13,  and  the  lots  v;ere  prepared  and  stored  at  Upland  for  four 

weeks,  but  after 

four  weeks 

the  lots  were  brought  to  Pomona  and 

stored  in  the 

same  room  as  Lot 

C 

and  under 

the  same 

conditions.     Inspections  i 

^Jid  button  tallies 

were  made  after 

four,  eight, 

tliirteen 

and  seventeen  weeks.    S-ommaries  of  button 

tallies  are  presented  as  fol 

lows; 

Tahle 

11.     Button  and  dec 

ay  tally c  TEST 

■n 

Tour  week' s  stor 

age  at  Upland 

April  13  to  May  11,  1953 

Temperature  58° F. 

PTT  a'hmit  R7% 

3     Xul    CLUUU.U     O  1  10 

(rif':;ures 

in 

table  are 

percentafiie) 

Lot 

Green 

A'reen 

black 

Black  Off 

T)  p  p  o  XT 

J-/  o    c5.  ,y 

As  of  April 

70 

30 

0  _„ 

 y  U 

n 

13,1953 

Total  ~ 

100 

0 

« 

1.  Biphenyl, 

19 

55 

23 

2  0 

1 

2 , 4-D ,  wax 

Total  - 

74 

Total  r 

25  - 

2.  Biphenyl, 

32 

45 

18 

2  2 

1 

2, 4-D,  no  May: 

Total  - 

77 

Total 

20 

5.  Biphenyl , 

26 

42 

25 

6  1 

0 

no  2, 4-D,  no  v/ax 

Total  ss 

68 

Total  r 

31 

4.  Biphenyl, 

36 

49 

15 

0  0 

0 

no  2, 4-D,-  v/ax 

.Total  « 

85 

Total  ~ 

15 

5.    i\fo  "biphenyl 

45 

42 

11 

1  1 

0 

2, 4-D,  v/ax 

Total  - 

87 

Total  s 

12 

Table 

12..     Button  and  decay  tally.  TEST 

D 

Eight  week' 

s  storage 

-  4  weeks 

Upland;  4  weeks 

Pomona 

April 

13  to  June 

8,1953 

Inter- 

Int-r- 

Lot 

Gres  n 

f^reen 

black 

BlfCk  Off 

Decay 

As  of  April 

70 

30 

0 

0  0 

0 

13,  1932 

Total  - 

100 

Total  r- 

0 
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Tal)le  12  continued 


Inter- 

Inter- 

Lot 

Green 

"black  Blaclc 

Off 

Decay 

1»  Biphenyl, 

15 

47 

33  3 

1 

1 

2,4-1)5  wax 

Total 

=  62 

Total  =  36 

2.  Biphenyl, 

24 

48 

24  2 

2 

0 

2  8  4-D,  no  wax 

Total 

=  72 

Total  =  26 

5.    Biphenyl,  no 

14 

41 

22  22 

1 

0 

2,4-D,  no  wax 

Total 

=  55 

Total  a  44 

4.  Biphenyl  no 

26 

51 

20  3 

0 

0 

2 , 4-D ,  wax 

Total 

Total  =  23 

5.    No  Tsiphenyl, 

31 

47 

14  5 

2 

1 

2,4-D,  wax 

Total 

a  78 

Total  =  19 

Tahle  13.    Button  and  decay  tally. 

TEST 

D 

Thirteen  week' s  storage 

-  4  weeks  Upland; 

4  weeks  Pomona 

April  13 

to  July  13,  1953 

Inter- 

Inter- 

Lot 

Grp-en 

hlack  Black 

Off 

Decay 

As  of  April 

70 

30 

0  0 

0 

0 

Total 

s  100 

Total  =  0 

Biphenyl, 

12 

36 

42  6 

1  • 

3 

2. 4-D.  wax 

To  tal 

-  48 

Total  -  48 

2^  Biphenyl,  2,4' 

-D  18 

53 

25  2 

2 

1 

no  wax 

Total 

=  71 

Total  -  27 

iL.  Biphenyl,  no 

7 

28 

31  32 

1 

1 

2,4-D  or  wax 

-  35 

Total  =  63 

4.  Biphenyl,  no 

18 

42 

32  R 

0 

0 

2 , 4-D ,  wax 

60 

Total  =  40 

^  No  biphenyl, 

27 

45 

20  5 

2 

1 

2 ,  4-D ,  v/ax 

Total 

^  72 

Total  =  25 
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Ta"ble  14.    Button,  and  decay  tally.    Test  D 

Seventeen  week's  storage  -  4-  weeks  upland;  13  weeks  Pomona 
April  13  to  August  10,  1953 


Lot 

Green 

Inter- 
;2;reen 

Inter- 
black 

Black 

Off 

Decay 

As  of  April 

70 

30 

0 

0 

0 

0 

13,  19  53 

To  tal 

=  100 

Total 

=  0 

 —  

1.  Bii^lienyl, 

8 

31 

48 

5 

2 

5 

2,4-D,  wax 

Total 

-  39 

To  tal 

s  o3 

2.  Biphenyl, 

10 

42 

37 

5 

4 

2 

2,4-D,  no  wax 

Total 

-  52 

Total 

=  42 

5,  Biphenyl ,  no 

1 

13 

.19. 

62 

2 

2 

2,4-D  or  wax 

Total 

rss  14 

Total 

s  ol 

4.  Biphenyl ,  no 

9 

21 

0 

0 

2 ,  4-D ,  v/ax 

„ Total 

s  30 

^Qlpal 

^  68 

5.  No  biphenyl, 

25 

42 

m.  ...  .. 

8  . 

3 

2 

2 . 4-D  J  wax 

a  67 

Total 

=  28 

The  inspection  of  the  lemons  in  Test  D  at  the  close  of  the  seventeen 
weeks  of  holding  showed  the  general  condition  as  follows: 

Lot  lo    Appearance  good;   color  good  to  considerable  over  color  (reddish); 
rather  firm,    No  decay  shoviing  in  the  top  layers,  but  some  decay  found  on  further 
inspection.    To  date  there  had  been  an  accumulated  decay  of  10^  of  which  about 
4^  was  alterna.ria  rot,  the  remainder  blue  and  green  molds. 

Lot  2.    Appearance  about  the  Scune  as  Lot  1,  more  green  buttons  showing. 
Accujnulated  decay  to  date  4^,  all  of  which  was  alternaria  rot.     The  last  four 
v/eeks  of  the  holding  period  brought  2  of  the  4^$  total  decay. 

Lot  3,     General  appearance  of  the  lemons  about  as  in  the  preceding  lots, 
but  the  relatively  larger  amount  of  dark  buttons  showing  v/ere  a  detraction. 
Accumulated  decay  3^,  2|^,  of  which  v/as  alternaria  rot. 

Lot  4o    Much  like  lots  1  and  2  in  general  appearance  and  condition. 
Accumulated  decay  in  seventeen  wee^-cs  only  2^,  and  thi-.t  alternaria  rot. 

Lot  5.    General  appearance  probably  the  best  of  the  five  lots.  This 
partly  due  to  the  nearly  70^  green  buttons  showing.    Accumulative  decay  to 
date,  4^  of  which  1^  v;as  alternaria  rot. 
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The  general  ranking  of  the  lots  of  Test  D,  from  liest  to  poorest,  as 
judged  on  iDasis  of  "button  analysis  was  definitely: 

5.  (2,4-D  +  v/ater  wax); 
4,  (Biphenyl  +  water  wax) ; 

2.  (Biphenyl  +  2,4-D); 

1,  (Biphenyl  +  2,4-0  +  water  wax;  and 

3,  (Biphenyl  only) 

Charts  6  and  7  show  the  interrelation  of  the  hut  ton  changes  through  the 
four  categories.    All  lots  keep  the  s&me  relative  positions  ass\imed  after  the 
first  four  weeks  of  storage  vrith  the  exception  of  lots  2  and  4.     This  exception 
was  due  partly  to  the  slowness  of  "button  change  in  the  former  (mostly  a 
shifting  of  relationship  "between  full  greens  and  inter-greens)  and  partly  to 
the  nose-dive  of  change  in  the  latter  after  the  thirteenth  week.    However,  this 
exception  did  not  alter  the  general  overall  storage  loicture.     The  great 
difference  in  the  button  behavior  "betiireen  lots  5  and  3  is  striking. 

Tests  C  and  D  had  three  treatments  in  common.    The  relative  results  of 
these  treatments  in  the  two  tests  are  shov/n  in  Chart  8.    Jor  each  corresponding 
pair  of  lots  which  were  intended  to  receive  the  same  general  treatment  it  will 
"be  noted  that  the  "button  changes  are  more  rapid  in  Test  D.     This  indicates  that 
the  effect  of  "biphenyl  in  Test  C  had  "been  reduced  through  the  long  holding 
and  use  of  the  "biphenyl  pads. 

All  the  tests  reported  herewith  should  "be  repeated  with  the  addition 
of  a  lot  receiving  2,4-D  only„     That  is  to  say,  if  a  test  of  untreated  fruit 
and  fruit  treated  with  "biphenyl,  2,4-D  and  water  wax  and  combinations  of  these 
treatments  were  carried  through  simultaneously,   it  might  help  better  to  inter- 
pret the  results  obtained  in  the  tests  here  designated  as  A,  B,  C  and  D. 

General  Summary  and  Conclusion 

The  question  of  the  feasibility  of  storing  lemons  in  cartons  a t  points 
of  origin  or  at  terminal  markets  prompted  the  four  series  of  tests  here  reported. 
The  aim  of  the  tests  was  extended  to  include  somewhat  more  than  the  original 
question  of  the  effect  of  the  carton  and  biphenyl  treatment  on  the  storage  life 
of  the  lemons.     Since  lemons  packed  in  half  box  size  fiberboard  cartons  may  have 
had  different  prestorage  or  prejjacking  handling  treatments  and  the  cartons  them- 
selves differ  in  the  application  of  the  fungistat,  it  seemed  desirable  to  in- 
clude some  of  these  variables  in  the  tests.    Also  for  experimental  reasons  it 
seemed  desirable  to  hold  lemons  in  cartons  for  longer  periods  than  would  likely 
be  called  for  in  practice. 

For  these  reasons  the  tests  included  different  biphenyl  applications 
to  cartons  with  several  different  combinations  of  prestorage  treatments  of 
2,4-D  and  water  wax  and  as  much  as  t\\relve  to  eighteen  weeks  holding  periods. 
Test  A,  with  the  cooperation  of  the  Bureau  of  Agricultural  and  Industrial 
Chemistry  Laboratory  in  Pasadena,  included  processing  and  biphenyl  absorption 
and  taste  tests  on  the  lemons  after  storage. 

The  periodic  inspections  of  the  stored  lemons  included  general 
appearance,  color  and  decay,  vitamin  C  determination,  etc.  and  especially 
change?  in  button  color  v/hich  v;as  used  as  a  ready  indicator  of  relative 
physiological  condition  of  the  lemons  in  relation  to  susceptabili ty  to 
alternaria  rot  and  other  storage  hazards. 
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Frora  the  standpoint  of  the  tallies  of  Tout  ton  changes  a  n-amlier  of 
interesting  things  were  ohserved,  some  of  v/hich  had  "been  observed  hefore 
hut  not  bpecificr.lly  in  relt  tion  to  lemons  stored  in  c.rtons. 

These  observations  may  he  siaramarized  as  follows: 

The  fuia^'istc.t ,  biphenyl,   showed  rather  effective  control  of  blue  and 
^reen  molds  but  none  for  alternaria  rot. 

Biphenyl  consistently  speeded  up  the  rate  of  change  of  buttons  from 
green  to  black.     In  this  action  it  may  be  safely  a ssumed  that  biphenyl 
tended  to  lower  the  tone  of  the  lemons  thereby  increased  their  susceptability 
to  alternaria  rot  and  probably  to  other  of  the  common  storage  disorders. 

The  commercial  2,4-D  prestorage  trea  tment  consistently  shov/ed  a  very 
favorable  action  tovra.rd  the  retardation  of  the  darkening  of  buttons,  and 
probably  a.ssocia.ted  with  this  favorable  physiolo.;;ical  effect  came  a  protection 
against  the  deteriorating  action  of  biphenyl,  and  the  invasion  of  Alternaria. 

The  commercial  prestorage  v;ater  wax  application,  aside  from  retarding 
shrinkage,  did  not  sho\j  consistent  results  in  regard  to  its  effect  on  button 
dc.-rkening  in  combins,tion  with  2,4-D  or  biphenyl.    V/ater  wax  used  alone 
(I'est  C)  or  with  biphenyl,  v-ithout  2,4-D  (Tests  C  and  D)  perhaps  gave  some 
indication  that  it  tended  to  increase  the  rate  of  button  darkening,  but  when 
used  v/ith  2,4-D,  v/ithout  biphenyl  (Test  D)  ,  the  opposite  tendency  v/as  in- 
dicated. 

The  favorable  action  of  the  commercial  prestora,ge  application  of 
v;ater  v;ax  with  2,4-D,  almost  counter  balanced  the  unfavorable  physiological 
effects  of  biphenyl  with  which  the  lemons  later  came  into  contact  in  the 
cartons.     The  preliminary  data  from  the  processing  of  the  lemons  of  T'-^st  A 
suggest  that  the  water  wax  application  may  retard  also  the  absorption  of 
biphenyl. 

Were  it  net  for  the  danger  from  blue  and  green  molds  the  2,4-D  v/ater 
wax  cipplication,  without  subsequent  bii^henyl,  would  seem  at  present  to  offer 
the  best  protection  for  lemons  which  are  to  be  stored  in  cartons. 

The  results  '/hile  showing  that  certain  unfavorable  physiological 
clianges  occur  in  lemons  held  in  cartons  for  extended  periods,  they  also 
indicate  that  strong  lemons  (picked  as  light  or  dark  greens) ,  commerciall;- 
trer.ted  v/ith  2,4-D  and  vre.ter  wax  can  be  stored  in  biphenyl  treated  cartons 
at  55°  -  58° jf.  -^ith  reasonable  safety  for  p.eriods  of  four  to  eight  v/eeks  or 
under  proper  supervision  cUid  inspection  even  longer. 
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LH.-OW  LiTOHAGE  IN  CiiKTONS  -  TEST  A 
Button  tallies  -  green  plus  intergreen  buttons 


"Yellows"  4  v/ks.   store ige 


'Lt .   £:;ireens"  8  viks ,  storage 


'Dk,  green"  12  wkSo storuge 
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l2/l6/32r  12/16  '32)  12/16/52) 

K  Tally  of  fruit  as  it  came  from  v.-asher  before  storage „ 

Al  (ajbjC,)  Control  lots.     No  2,A-J)  or  wax  or  biphenyl ;  in  standard  boxes. 
A2  (a,b,c,)  Phenidor  treated  collars  in  IP- 10  nonvented  cartons, 
A4  (a,b,Cs)  Bi-;henyl-lenon  cil  liners  in  FP-3  nonvented  cartons. 
h3  (a,b,c,)  Bi  henyl  treated  pads  in  FP-2  nonvented  cartons.     This  fruit 
received  no  2,4-D  or  v.-aXo 


LELION  STORAGE  IN  G.iETONS  -  TEST  A 
Button  tallies  -  black  plus  decay  plus  off  minus  the  original  off  buttons o 


lOO 


"Yellov;s"  4  v;ks.  storaj-re 


"Lt. greens"  8  wks.  storage 


'Dk.r;reen"  12  wks.  storage 


^AsW JaTe 
12/16/5?) 


A2a    A4a  A3a 


'as  of  J  Alb  A^b  A4b  A3b 
12/16/32 


^As  of )a4c 
12/15/32) 


A2c  Ale  A3c 


X    Tally  of  fruit  as  it  came  from  v;asher  before  storage, 

Al  (a,b,c,)  Control  lots.    No  2,4-D,  or  vjax  or  biphenyl;  in  standard  boxes, 
a2  (a.b.cj  Phenidor  treated  collars  in  IP-10  nonvented  cartons. 
A4  (a,b,c,)  Biphenyl-lemon  oil  liners  in  EP-3  nonvented  cartons, 
A3  (a,b,c,)  Biphenyl  treated  pads  in  rP-2,  nonvented  cartons.     This  fruit 
received  no  2,4-D  or  Vi'ax. 


LEMONS  Ilo  C/^TOKS  -  TEST  B 
After  seven  w  eeks  s  torage 
M'ter  nine  weeks  storage 
After  eleven  weeks  storagl. 


Button  Tallies 


Button  T-allies 


B-3.     Corar.ercial  treatment        2  4-D  t..nd  v.ax  only,  stored  in  non-vento  cartons 
V. ithcut  bi phenyl, 

B-4,     Cor.j.iercial  2, 4-D  :.nd  v/ax  treo.t.     ith  storage  in  bichenyl  trect^i  ...rtons 
non-vent ilatedc 

B-1,    Controls  -  no  bi:  henyl,  ^,A~J),  wix.    Stored  in  non-vent il;: ted  c^.rtons. 

Average  of  Bla,  Bib,  Blc. 
B-2.    Bi  phenyl  only,  no  2, 4-D,  or  v/ax.     Stored  in  non-v-:mted  cartons. 


CIL,J(T  4  TEST  C 
PERCENT  GREEN  PLUS  INTER-GREEN  BUTTONS 
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X    First,  nwiibers  =  percent  green  buttons;  second  niir:.bers  =  percent 

inter-green  buttons 

Numbers  in  -Darentliesis  =  lot  numbers 


PMCEKT  nJTEi:i]3Liv3K  iXUG  BLACK  BUTTONS 
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K    First  mjTibcrs  =  percent   intarblc^ck  buttons;  second  nurrxbers  =  percent 

black  buttons 

HvLinbers  in  p.  renthesis  -    lot  nvjiibers 


CHART  6  -  TEST  D 
PERCENT  GREEN  4-  INTER -OlEEN  BUTTONS 
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X    First  numbers  =^green  buttons;  second  numbers  =  percent  inter-green 

buttons 

ITumbers  in  parenthesis  =    lot  munbers 


CHAHT  7  -  TEST  D 
PEf(CaJT  INTER- BL;.CK  PLUS  BLACK  BUTTONS 
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^    First  niLMbers  = 


yercenx   interblack  buttoris;  second  nur.ibers  =  percent 

black  buttons 


ilurnbers  in  parenthesis  =    lot  n-jjnbers 


CHART  8.     COLiPJLRISOW  OF  BUTTON  CH.aiGE3  IN  TESTS  C  i^IlD  D 
Green  plus  intergreen  buttons  in  the  three 
treatments  which  v;ere  CQmnon  to  the  two  tests,, 


